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Ecosystems Using Remote Sensing and Artificial Intelligence
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ABSTRACT: We attempted to estimate the carbon accumulation of Hibiscus hamabo and Paliurus ramosissimus, semi-
mangroves native to Jeju Island, by remote sensing and to build an artificial intelligence model that predicts its spatial
variation with climatic factors. The aboveground carbon accumulation of semi-mangroves was estimated from the above-
ground biomass density (AGBD) provided by the Global Ecosystem Dynamics Investigation (GEDI) lidar upscaled using the
normalized difference vegetation index (NDVI) extracted from Sentinel-2 images. In Jeju Island, carbon accumulation per unit
area was 16.6 t C/ha for H. hamabo and 21.1 t C/ha for P. ramosissimus. Total carbon accumulation of semi-mangroves was
estimated at 11.5 t C on the entire coast of Jeju Island. Random forest analysis was applied to predict carbon accumulation in
semi-mangroves according to environmental factors. The deviation of aboveground biomass compared to the distribution
area of semi-mangrove forests in Jeju Island was calculated to analyze spatial variation of biomass. The main environmental
factors affecting this deviation were the precipitation of the wettest month, the maximum temperature of the warmest
month, isothermality, and the mean temperature of the wettest quarter. The carbon accumulation of semi-mangroves
predicted by random forest analysis in Jeju Island showed spatial variation in the range of 12.0t C/ha—27.6 t C/ha. The remote
sensing estimation method and the artificial intelligence prediction method of carbon accumulation in this study can be used
as basic data and techniques needed for the conservation and creation of mangroves as carbon sink on the Korean Peninsula.
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Fig. 1. Aboveground biomass density (AGBD) of 1 km x
1 km resolution based on The Global Ecosystem
Dynamics Investigation (GEDI) in Jeju Island, South
Korea. The hatched area has no available data.

Fig. 2. Normalized difference vegetation index (NDVI) of
10 m x 10 m resolution based on Sentinel-2 image
in Jeju Island, South Korea.
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Fig. 3. Relationship between normalized difference vege-
tation index (NDVI) and aboveground biomass density
(AGBD) of the semi-mangrove forests in Jeju Island,
South Korea.
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Fig. 4. Relationship between aboveground biomass density
(AGBD) estimated by remote sensing with upscaled
Global Ecosystem Dynamics Investigation (GEDI) and
measured with the allometric methods in the semi-
mangrove forest of Jeju Island, South Korea.
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Table 1. Aboveground biomass density, aboveground biomass, and aboveground carbon accumulation estimated by
remote sensing with the upscaled Global Ecosystem Dynamics Investigation (GEDI) in the semi-mangrove forests
of Hibiscus hamabo and Paliurus ramosissimus in Jeju Island, South Korea

. . Area .Abovegrounq Aboyeground Abovegrour!d C
Species Study site (mPy* biomass density biomass accumulation

(t DM/ha) (t DM) (t C)
Biyang-do 1 179 253 0.45 0.23
Biyang-do 2 301 19.4 0.58 0.29
Biyang-do 3 618 19.6 1.21 0.60
Gimnyeong-ri 2 72 39.9 0.29 0.14
Gimnyeong-ri 3 189 411 0.78 0.39
Hado-ri 1 418 33.0 1.38 0.69
Hado-ri 2 406 38.3 1.56 0.78
H. hamabo Hado-ri 3 300 34.9 1.05 0.52
Hado-ri 4 405 414 1.67 0.84
Onpyeong-ri 1 399 36.7 1.46 0.73
Pyoseon-ri 2 78 39.2 0.31 0.15
Siksanbong 1 910 30.4 2.76 1.38
Siksanbong 2 1,404 42.2 5.93 2.96
Wimi-ri 1 18 22.0 0.04 0.02
Total (or mean) 5,697 (mean) 33.1 19.47 9.73
Gimnyeong-ri 1 291 56.9 1.65 0.83
ligwa-ri 1 211 34.0 0.72 0.36
Onpyeong-ri 2 12 52.8 0.07 0.03
P. ramosissimus Pyoseon-ri 1 145 41.2 0.60 0.30
Sinchang-ri 1 97 39.3 0.38 0.19
Yongsu-ri 1 47 28.2 0.13 0.07
Total (or mean) 804 (mean) 42.1 3.55 1.78
Total (or mean) 6,501 (mean) 35.8 23.02 11.51

*Data from NIFS (2023).
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Fig. 5. Relationship between the occupied area and aboveground biomass (AGB) of Hibiscus hamabo forests (a) and
Paliurus ramosissimus forests (c), and plots of Kolmogorov-Smirnov normality test of the deviations of H. hamabo
(b) and P. ramosissimus (d).

Table 2. Importance values of environmental variables calculated from random forest regression for estimation of
aboveground biomass density of Hibiscus hamabo and Paliurus ramosissimus

Environmental variable .
: Unit Importance
Group Variable
Precipitation of wettest month mm 0.9138
Max temperature of warmest month °C 0.7887
Isothermality Y% 0.7879
Mean temperature of wettest quarter °C 0.7541
Temperature seasonality % 0.2795
Temperature annual range °C 0.2534
Mean diurnal range °C 0.1952
Mean temperature of driest quarter °C 0.1930
Mean temperature of coldest quarter °C 0.1897
Climate Annual mean temperature °C 0.1808
Min temperature of coldest month °C 0.1795
Precipitation of warmest quarter °C 0.1395
Precipitation of wettest quarter mm 0.1359
Mean temperature of warmest quarter mm 0.0899
Annual precipitation mm 0.0804
Precipitation of driest quarter mm 0.0696
Precipitation of coldest quarter mm 0.0627
Precipitation of driest month mm 0.0422
Precipitation seasonality mm 0.0414
Geomorphology | Elevation EL m 0.0279
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Fig. 6. Partial dependance plots, based on results from the random forest analysis, showing the major environmental
variables on the aboveground biomass deviations of the semi-mangrove forests.
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Fig. 7. Relationship between aboveground biomass density
(AGBD) deviation predicted by normalized difference
vegetation index (NDVI) and values predicted by random
forest analysis.
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Fig. 8. Potential aboveground carbon accumulation of the
semi-mangrove forests simulated by random forest
modeling based on environmental variables in Jeju
Island, South Korea.
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